Abstract In Italy Botrytis cinerea represents the most significant disease in strawberry crops and causes major quality and quantity losses in postharvest storage. An alternative strategy to the synthetic fungicides in crop defence could be the use of bioactive compounds with high antifungal activity. This research regards the use of Punica granatum peel extract to extend the shelf life of strawberry and the proposal of a possible mechanism for its antifungal activity. In vitro and in vivo tests showed the ability of pomegranate peel extract to control strawberry gray mould. Fourier transform near infrared spectroscopy showed a high correlation between spectra and disease severity then, a putative molecular mechanism for the interaction of punicalagin on ergosterol of fungal membrane was described by means of computational chemistry approaches. Molecular dynamics simulations were performed by using Gromacs to gain multiconformational representations of either punicalagin and an antifungal compound of clinical relevance, i.e. amphotericin B. The use of grid-based procedures, allowed to shed some light on the molecular mechanism featuring the antifungal activity of punicalagin.
Introduction
Botrytis cinerea, also known as gray mould fungus, causes serious postharvest diseases in many plant species including strawberry (Fragaria x ananassa Duch.). It stands in the world's top 10 fungal plant pathogens of economic importance. The fungus infects various parts of the strawberry plant, such as leaves, flowers and fruits, in different ways, but the main cause for the decline of mature fruit after harvest occurs when the fruits are infected in the very early stages of development through senescent flowers. Italy is one of the most important producers of strawberries and B. cinerea represents the most significant disease which causes major quality and quantity losses in postharvest storage. In order to extend the shelf life, strawberries are harvested and placed in a cold box and/or harvested in the early morning. In fact, strawberry shelf life is 1 day shorter when harvested after 10 AM (Romanazzi et al. 2016) . To control the fungus spread into the crop, synthetic fungicides are normally applied by treatments during flowering in order to reduce fruit infection. Nevertheless, the large use of synthetic fungicides in crop defence leads to resistance problems and serious risks to the environment and human health. An alternative strategy could be biological control, using antagonist micro-organisms with high antifungal activity. For instance, the yeast Cryptococcus albidus sprayed all through the bloom of strawberry reduced the postharvest incidence of disease on fruits by 33, 28 and 21% in 1997 33, 28 and 21% in , 1999 33, 28 and 21% in and 2000 33, 28 and 21% in , respectively (Helbig 2002 . More recently, several authors have investigated the antifungal activity of a large number of more environmentally friendly natural formulations, that could be suitably applied in place of fungicides in the treatment of strawberry. Some of these contain glutathione, oligosaccharides, laminarin and chitosan, substances able to inhibit postharvest decay because of their dual action:
(1) direct inhibition of fungus, and (2) stimulation of the natural defence mechanisms (Landi et al. 2014) . Many natural compounds either vegetable-derived, such as allicin, glucosinolates, essential oil from oregano, savory and thyme, or animal-derived compounds, have been reported to be effective against gray mould infection (Lopez- Reyes et al. 2010; Nabigol and Morshedi 2011) . Other alternative strategies such as disinfecting agents (used for fruit surface sterilization in postharvest packaging) or physical treatments (UV-C irradiation, ozone hypobaric and hyperbaric applications) have also been studied (Mlikota Gablera et al. 2010; Romanazzi et al. 2012) . However, the control of B. cinerea by preharvest strategies is only partially successful may be because the fungus has several ways of infecting strawberry plants. The control of gray mould infection in the postharvest stage is expectedly more feasible during storage (Romanazzi et al. 2013) . The aim of the present study was to investigate the in vitro and in vivo activity of pomegranate peel aqueous extract on B. cinerea in strawberry. Punica granatum, commonly known as pomegranate, is an important source of bioactive compounds (Rongai et al. 2015) . The antimicrobic activity of pomegranate peel extract is linked to a high level of phenolic and flavonoid content (Rongai et al. 2017) . The presence of the main antifungal compounds (punicalagins and ellagic acid) in the extract is also determined through a simplified HPLC-MS-MS analytical method (Fischer et al. 2011) . The possible mechanisms involved in the antimicrobic activity of the punicalagins were also investigated by means of computational chemistry. Fourier transform near infrared (FT-NIR) spectroscopy is considered a non-destructive, potent instrumental method for food quality control of a large number of products such as milk, butter, cheese, meat, fruit, and more recently for olive fruits and virgin olive oil (Bendini et al. 2007 ). Spectral measurements were taken on strawberry fruits in reflectance mode using an FT-NIR spectrometer (PERKIN ELMER). The main purpose of this research was to evaluate the potential application of the pomegranate peel extract to maintain fruit quality and extension of strawberry shelf life. Moreover, the identification of punicalagin as the major component of the pomegranate peel extract made it possible to propose hypotheses on the possible mechanism of its antifungal activity. Thus, the molecular properties of punicalagin were also investigated and compared with those of amphotericin B, one of the first choice antifungal molecules, by the use of computational approaches.
Materials and methods

Fruits and fungus used
Strawberry (Fragaria x ananassa Duch.) fruits were obtained from a commercial market of organic products. The fruits of uniform size, no defects and the same degree of ripening were selected. B. cinerea (strain CREA-DC Roma collection number 1623) was maintained on potato dextrose agar (PDA, OXOID CM 0139) and stored at 4°C. When needed, the isolate was grown for 8 days on PDA in the dark at 25 ± 2°C.
Pomegranate peel extract used
Samples of P. granatum, var. dente di cavallo, provided by the botanical garden at ''CRA-DC'', Rome, Italy, were used. The powder of extract was obtained according to the method described in (Rongai et al. 2017) . Pomegranate peel were cut into small pieces and added to solvent; this was 100% of water or 50% of water (bidistilled water from a Milli-Q-System, Millipore, Bedford, UK) mixed with 50% of ethanol (analytical grade RPE, Carlo Erba Reagents, Milan, Italy). The mixture was agitated overnight at 40°C, before sonicating for 15 min. The ethanol was evaporated and the extract obtained was centrifuged and the supernatant filtered through 0.45 lm PTFE filter. The obtained pomegranate peel aqueous extract (PAE) and pomegranate peel aqueous ? ethanol extract (PAEE) were stored in a freezer at -20°C until further use. For all treatments only PAE was used.
Chemical analysis HPLC-MS-MS-ES(2)
PAE and PAEE were analyzed according to the method described in (Rongai et al. 2017) . Samples were reconstituted with methanol to obtain a 0.5 mg/mL concentration, filtered on PTFE 0.45 l, then a 20 lL volume was injected in the Micromass 4micro triple quadrupole system (Waters), equipped with a Waters Alliance 2695 separation module and 2695 Alliance autosampler, Waters 2487 Dual k Absorbance Detector, Waters 4micro MSD (mass spectrometry detector) with Electrospray Ionisation (ESI) interface, connected in series.
HPLC separation was carried out with a RP C18 analytical column (Phenomenex, Kinetex EVO 5 l, 100 A, 150 9 46 mm) operating at 30°C. The dual wavelength detector performed simultaneous monitoring at 280 and 320 nm. The mobile phase consisted of acetic acid in water 2% (v/v) (eluent A) and acetic acid in methanol 2% (v/v) (eluent B). The flow rate was constant at 0.9 mL min split for the MSD with a split ratio of 7:3. Data acquisition and processing were performed with MassLynx 4.1 software. The ESI interface operated in Negative (ES-) and with the MRM (multiple reaction monitoring) mode, monitoring two m/z mass transactions for each component investigated.
Fourier Transform Near Infrared (FT-NIR) spectroscopy
Spectral measurements were taken on strawberry external surface in reflectance mode using an FT-NIR spectrometer (PERKIN ELMER). Sixty-four scans were performed for reflectance spectrum in about 30.1 s, range 10.000-4.000 cm -1 , spectrum resolution 16 cm -1 . The chemometric model was constructed with the PCR/PLS software implemented in the Perkin Elmer spectrometer by setting the full cross validation type (leave one out), and four PCs. A preliminary search of a chemometric NIR model on strawberry fruits to predict disease severity was carried out. The model building was performed by means of multi linear regression of principal components (PCR) of the matrix made up of the spectra (independent variables) versus the numerical value of disease severity (dependent variable).
Computational chemistry
Molecular dynamics simulations of Amphotericin B (AmB) and punicalagin (p-alagin) were performed by using Gromacs (Van Der Spoel et al. 2005) . Each molecule was placed in a cubic box preventing self-interaction, and solvated with water molecules. Each system was optimized and slowly heated up before production run of 500 ns at 300 K in NPT ensemble, using the velocity rescaling scheme (temperature) and the isotropic Berendsen coupling scheme (pressure) (Berendsen et al. 1984) . All molecular systems were simulated in the Gromos 54a7 force field, with the LINCS constrain algorithm (Hess et al. 1997) , and electrostatics computed by the Particle Mesh Ewald method (Darden et al. 1993) . Numerical trajectory analyses were carried out by the use of either Gromacs utilities. Ensembles of 5000 conformations per trajectory were extracted and clusterized on heavy atoms by using the g_cluster utility (Daura et al. 1999) . The middle structures of the clusters (coverage [ 80%) formed two subsets representing AmB and p-alagin in an aqueous bulk. Each representative conformation was optimized in the OPLS-2005 force field (Kaminski et al. 2001 ) and using the GB/ SA polarisable continuum solvation method (Di Qiu et al. 1997 ) with the MacroModel software (version 9.8, Schrö-dinger, LLC, New York, NY, 2010).
The GRID program was used to calculate the molecular interaction field (MIF) of O (sp2 carbonyl oxygen), N1 (Neutral flat NH e.g. amide) and OH2 (water) probe for each AmB or p-alagin configuration (Cross and Cruciani 2010) . MD weights were used to calculate final weighted average MIFs. All MIF computations were performed using a parallel version of the code based on POSIX thread [Butenhof DR, Programming with POSIX threads, Addison-Wesley Longman Publishing Co., Inc. Boston, MA, USA (1997)] as detailed elsewhere (Storchi et al. 2015 
In vitro tests
Mycelial inhibition was assessed by measuring radial growth on 90 mm Petri dishes containing 20 mL of Potato Dextrose Agar (PDA). In treated plates, a total of 15, 30, or 60 mg of PAE was added to PDA as the media was about to gel (50 ± 3°C) such that the concentration corresponded to 0.75, 1.5, or 3% (w/v), respectively. In untreated plates (negative control), samples contained PDA without extract. A plate containing a standard fungicide (Marisan 50 PB, Dichloran 60%, SIAPA, Milan, Italy) was used at the recommended concentration as a positive control. A 5 mm diameter plug of inoculum was taken from the actively growing margin of 6-10 day-old cultures of B. cinerea and aseptically placed face up in the centre of each Petri plate. There were four replicates per treatment and the test was repeated twice. Plates were incubated at 24 ± 2°C, radial growth was measured each day, starting 3 days after inoculation, until the plates were overgrown. Inhibition by each extract was calculated by the formula: % inhibition = 100 9 (colony diameter (mm) of control -colony diameter (mm) of sample)/colony diameter (mm) of control.
Each treatment was replicated four times and the test was repeated twice.
In vivo tests
Selected strawberries were immersed for 30 s in a 2 L volume of the respective solutions. Fruits soaked in deionized water were used as the control. The fruits were then dried in air for 1 h and arranged in groups of 18 in plastic boxes containing three absorbent layers on the bottom. After treatments, strawberries were stored for 2 days at 0 ± 1°C, 95-98% of relative humidity, and then at 20 ± 1°C, 95-98% of relative humidity for another 3 days (shelf life).
Each treatment consisted of 72 fruits (18 fruits 9 4 replicates) and included: (a) non treated control; (b) fruits treated with PAE at the concentration of 0.75%; (c) fruits treated with PAE at the concentration of 1.5%; (d) fruits treated with PAE at the concentration of 3%.
Disease severity (DS), disease incidence (DI) and Fourier transform near-infrared (FT-NIR) spectra were recorded. An empirical scale was designed for this experiment. DS was recorded on a 0-5 scale where: 0 = no symptoms; 1 = 1-20% fruit surface infected; 2 = 21-40% fruit surface infected; 3 = 41-60% fruit surface infected; 4 = 61-80% fruit surface infected; 5 = more than 81% of the strawberry surface infected and with sporulation. The percentage disease severity of each treatment was calculated by the formula: DS % = (sum of all disease ratings 9 100)/(total number of ratings 9 maximum disease grade). Disease incidence was determined according to the formula: DI % = (No. of infected plants 9 100)/(Total no. of plants assessed).
After the NIR test, strawberry fruits belonging to the highest dose treatment (3%) and the untreated control were homogenized and stored for 1 week at 4 ± 1°C and 50-60% of relative humidity. Antifungal activity of PAE was also evaluated through direct observation of homogenized samples. The test was repeated three times.
Statistical analysis
Mycelial growth inhibition, disease severity, and disease incidence were analysed by ANOVA with means separation by Fisher's protected LSD test at a = 0.05. Because the results from two independent experiments were consistent and there were no interactions between experiment run and treatments, data from two independent experiments were combined and the experiment was treated as a block term in the analysis. To correct for heterogeneity of variance, the data were arcsine-transformed prior to analysis. SigmaPlot V10 (London, UK) was used to create graphics and Sigma Stat V3.5 (London, UK) was used for ANOVA.
Results and discussion
Chemical analyses of P. granatum peel extract
The PAE and PAEE were analyzed with HPLC-MS-MS to identify punicalagins, the main components of P. granatum peel. In Fig. 1 , the mass spectrometry (MRM) chromatograms and relative m/z ion fragments confirm the identity of punicalagins, and show that the area of peaks is slightly more extended in the aqueous extract (B) than the hydro-alcoholic extract (A). These data are essentially in agreement with previous evidence (Rongai et al. 2017 ). The authors claimed that the larger the area of chromatogram peaks, the greater the antifungal activity and that, although there were no significant differences between PAE and PAEE, the first was slightly more effective. The findings were also in agreement with Foss et al. (2014) who sustained that the isolated compound of punicalagin showed the same antifungal activity as the crude extract. The lack of difference between extract and pure substance is probably due to the fact that the punicalagin is, as noted above, the main substance in the pomegranate fruit peel.
In vitro tests
In vitro antifungal activity of PAE against B. cinerea was demonstrated by detecting that, 3 days after inoculum, the mycelia growth was 53.7 mm in the control plates while it significantly decreased to 32.7 (0.75% of concentration) or 18.0 mm (3%) in plates with extracts. Six days after inoculum, the control plates were entirely invaded by the fungus while in plates with extracts the mycelia growth peaked at values between 41.7 (0.75% of concentration) and 31 mm (3%). There were no significant differences in mycelial growth at the fifth day among concentrations 1.5 and 3% (Table 1 ). This could be due to the fact that at higher concentrations the extract does not dissolve completely in the PDA, probably because the acidity is too high. However, at the sixth day, although there was not a great difference the 35.7 value recorded at the concentration of 1.5% was statistically higher than 31.0 recorded at the concentration of 3%. The above reported values of growth are consistent with a good antifungal activity of the PAE against B. cinerea, although a higher antifungal response of this extract with respect to F. oxysporum was already reported by Rongai et al. (2017) .
In vivo tests
The ability of PAE to control gray mould of strawberry caused by B. cinerea was shown also at the lowest dose (Fig. 2) . By increasing the concentration of the extract, both disease severity (DS) and disease incidence (DI) decreased: for the treatment with 0.75% extract we detected DS and DI at 29.33 and 66,6%, respectively, both values are considerably lower than 74.66 and 93.33% obtained in the untreated control. No statistically significant difference was detected at concentrations between 0.75 and 1.5%, whereas at 3% the extract was seemingly more effective, e.g. with values of DS and DI of 19.3 and 40%, respectively (Fig. 3) . Hence, PAE reduced the disease severity and incidence of gray mould. Untreated control PAE 0.75% PAE 1.5% PAE 3% Fig. 2 Effects of the extract (0.75, 1.5 and 3% w/v) on strawberry fruits 7 days after treatments
FT-NIR spectroscopy
FT-NIR performed on strawberry surface showed a high correlation between spectra and disease severity used as analytical property. In fact, The NIR data showed a significantly different spectrum between the untreated control and treated fruits. The effectiveness of PAE was also confirmed by the chemometric predictive model built through the employment of DS and NIR spectra. Principal component regression analysis (full cross validation type) showed a percentage of variance (R 2 ) = 98.8% and F value = 99.5. Standard error of prediction (SEP) and of estimation (SEE) were 5.685 and 3.048, respectively.
In Figure S1 (supplementary material), stretching and vibrational second overtone for the CH bond in -CH 3 , -CH 2 , and -HC=CH-groups ranged in the interval 7800-9000 cm -1 . OH stretching of first overtone ranged between 6000 and 7800 cm -1 , while the peak in the 4500-5500 interval is ascribed to water. Finally, the short peak detected between 4000 and 4400 is a combination of -CH stretching vibrations of CH 3 and CH 2 groups.
Furthermore, the antifungal activity is also confirmed by direct observation of the homogenized strawberry fruits. The samples treated with the highest dose were seemingly fungal free if compared with the corresponding untreated controls. In fact, untreated homogenized samples were completely invaded by gray mould, while those treated with PAE appeared clearer and healthy ( Figure S2 -supplementary material).
Acidic properties of phenol
The antifungal activity could be due to the interaction between extract compounds (punicalagin) and fungal membrane structure ( Figure S3-supplementary material) .
The effects of PAE on fungi cell membrane are linked to the biochemical phenolic properties. These compounds are weak organic acids (pKa * 4.2) and are known to have membrane-active properties against microorganisms causing leakage of cell constituents including proteins, nucleic acids, and inorganic ions such as potassium or phosphate (Johnson 2003) . Phenols may diffuse through the cytoplasmic membrane by passive diffusion (Fick law) in their undissociated form, increasing its permeability, altering cell membrane structure and causing protein denaturation. Some authors found that lowering pH by adding phenols in wine could facilitate the diffusion of phenolic acids through the cytoplasmic membrane and that other antimicrobial agents may have synergistic effects with these compounds on the bacterial membrane. Furthermore, some authors showed that phenolic compounds exert an antifungal activity by hindering the synthesis of ergosterol, glucan, chitin, proteins and glucosamine. Ergosterol, a sterol from the lipid class, is an important component of fungal cell membranes. The high water solubility and acidity of phenols and polyphenols like punicalagin is also explained by delocalization by means resonance of the negative oxygen charge of the ionized form in ortho and in para of the aromatic-benzene ring. Phenols have an -OH group directly linked to a benzene ring. When the hydrogen-oxygen bond breaks, a phenoxide ion, C6H5O-, is generated.
When the pH value is less than the phenol's pKa (-log Ka), the undissociated form predominates, and can pass through the organic phase of the double phospholipid layer of the fungi cellular membrane. If the pKa value is greater than the pH value, the ionized form, which is not similar to the organic phase, prevails.
When pH = pKa, the concentrations of ionized and undissociated forms are equivalent. The undissociated form of phenols have the highest inhibitory effect of the fungi in vitro growth, probably due to the change of the membrane functionality and integrity, possibly by forming complexes with sugars, proteins and beta-ergosterol of fungi cellular membrane. Thus, the deficiency of beta-ergosterol may prejudice the cell membrane development and maintenance of its selective permeability. The interaction of punicalagin with ergosterol as well as for AmB (antifungal macrolide) may alter the fungal membrane functionality and integrity by the formation of aggregates acting as pores with a consequent loss of potassium, magnesium, sugars, and other metabolites necessary for survival of cells. Based on the assumption that punicalagin and AmB may similarly form pore-like aggregates responsible for their antifungal activity, the molecular interaction properties of both molecules were also investigated and compared through computational approaches. 
Computational chemistry
AmB is a polyene macrolide antibiotic that has been employed for many years in the treatment of systemic fungal infections and is still the drug of choice in the antimicotic therapy of severe infections (Ghannoum and Rice 1999) . Although the molecular mechanism of action has not been completely clarified, it is reputed that AmB may disrupt the cell membrane functions through the formation of ion channels that alter the physiological transmembrane gradients and, eventually, lead to cell death (Hartsel and Bolard 1996) . Consistently with the mostly accredited ''sterol hypothesis'', sterol molecules are important to promote the formation of AmB aggregates in cell membranes: ergosterol-a component of fungal membrane-was found to be more effective than cholesterol-a component of animal membrane-in stabilizing the intramembrane aggregates of AmB, by the formation of mixed AmB-ergosterol supramolecular structures. Moreover, recent studies showed that the channel-forming capacity of AmB is not required for antifungal activity: by the use of nuclear magnetic resonance techniques it was detected that AmB forms extra-membrane rather than intramembrane aggregates that likely cause fungal death by extracting ergosterol from lipid bilayers (Anderson et al. 2014) . Therefore, even in the absence of channel-like activity, the capability of these AmB aggregates to bind ergosterol is alone sufficient for antifungal activity. The AmB-sterol aggregates hypothesized by Baginski et al. (2002) are featured by a specific orientation of the AmB units with respect to the phospholipid leaflet. The inner wall of the hosting channel is formed by polyhydroxyl chains, whereas the unsaturated chains mainly interact with the apolar chains of the membrane lipids. On the other hand, the AmB zwitterionic groups formed the inlet edge of the channel and interact via polar contacts with the polar heads of the membrane lipids. The spatial arrangement of AmB units in the membrane aggregates is thus intimately connected to the ''molecular anatomy'' so that we can hypothesize that similar aggregates may be formed by some other molecule that resembles the AmB anatomy although belonging to a different class of compounds. By such an assumption, we considered whether the antifungal activity of p-alagin may be connected to its similarity with AmB and to the formation of analogous extra-membrane aggregates. The molecular similarity between AmB and p-alagin was investigated by the use of a previously reported computational workflow based on the combination of molecular dynamics (MD) simulation and grid-based molecular interaction field (MIF) analysis (Storchi et al. 2015; Marrone et al. 2016) . MD made it possible to characterize the most representative conformations of AmB and p-alagin to gain a multiconformational (dynamic) picture of the molecular structures. The calculation of MIF made it possible to feature the space surrounding each molecule with spots of high interaction, so that the structures of AmB and p-alagin may be compared in terms of their interaction similarity. The mapping of donor and acceptor hydrogen bond fields around AmB and p-alagin was obtained by the use of O and N1 probes, and led to the three-dimensional sketches reported in Fig. 4 . The polyhydroxyl chain of AmB is surrounded by a longitudinally extended N1-surface which is parallel to the hydrophobic polyene chains (Fig. 4a) . On the other hand, p-alagin is also characterized by an extended N1-surface surrounding the glucosidic moiety-hence the structure portion comprising the glucose unit and ester groups (Fig. 4b) . The particular orientation of p-alagin carbonyl groups is also worth noting, and contributes to further increase the N1 interaction field (Fig. 4b right) . In spite of the presence of 17 hydroxyl and 6 carbonyl groups conferring a substantially hydrophilic character to the p-alagin molecule, a hydrophobic region was detected around the ellagic moiety (Fig. 4b) .
Thus, our calculations indicated that p-alagin and AmB are both amphiphilic and, more importantly, present a similar spatial arrangement of N1 and DRY molecular fields. The polar N1 field is longitudinally extended and almost parallel to the hydrophobic region, and is presumably responsible for similar aggregation properties. Analogously to the AmB aggregates reported by Baginski et al. (2002) , p-alagin units may form pore-like structures in which the inner wall is formed by the glucoside unit, and the outer wall formed by the lasting moieties including the ellagic unit. The structure of a putative aggregate formed by eight units of p-alagin was also assembled by using molecular graphics tools (Fig. 5) .
Conclusion
In vitro tests showed the ability of PAE to control B. cinerea. The effectiveness was also established by the treatment on fruits to extend the shelf life of strawberries. Furthermore, a high correlation between FT-NIR spectra and disease severity of fruits was shown, and provided a chemometric NIR model to predict disease severity on the fruit surface. In the future, more robust predictive models (with high variance percentage R squared) will be obtained by the employment of a wide range of standards. The identification of punicalagin as the prevalent component made it possible to propose hypotheses to explain the detected antifungal activity of pomegranate extract. By means of computational chemistry approaches, we showed that punicalagin and AmB are characterized by similar molecular interaction properties, probably connected to their ability to form pore-like aggregates.
The results obtained promote the use of natural extracts analyzed like fungicides to control postharvest fruits decay. Furthermore, to extend the shelf life of strawberry, we used the extract with concentrations very similar to those recommended for chemicals. The substitution of synthetic pestcides with natural plant molecules significantly reduces the amount of chemicals in the environment and undesired effects such as the contamination of the food chain. Our   Fig. 4 Molecular interaction fields calculated by using N1 (blue), O (yellow), and DRY (red) probes on the most representative structure of AmB (a) and p-alagin (b). MIFs are reported as isosurfaces (mesh)-isovalue of -3, -3, and -0.3 for the N1, O, and DRY field, respectively. 2D sketches of AmB and p-alagin displaying the regions with hydrophilic or hydrophobic character are also reported (color figure online) study suggests that P. granatum peel extract could be an alternative to synthetic products to control postharvest deteriorations and improve postharvest quality of fruits by avoiding the impact of chemicals on human health. This is also an important target of the agricultural policies of the European Community.
